Halation is one of the serious problems for machine vision system which could cause color information lost of image. Images for tomato fruits in greenhouse with different rotational angle of polarizing filter (PL filter) were acquired and combined into one result image to eliminate multiple halation areas from sunlight and reflected light. An image acquisition system composed of a CCD camera and a stepping motor was used to acquire images. The multiple halation areas could be eliminated in the condition with a certain angle of incidence and color representation in result image was improved. The reasonable result shows the feasibility to eliminate multiple halation areas by this method.
I Introduction

1
A machine vision system is one of the important sensing 2 devices for precision agriculture . Using 3 machine vision as monitoring system farmers can obtain 4 information about plant conditions and health which helps 5 them make decisions for plant cultivation (LEE, 2008) . 6
Color information is commonly used to analyze the plant 7 health conditions and the quality. The machine vision 8 technique in the field applications is to overcome the often 9 unpredictable and non-uniform (shadows in the field of 10 view) outdoor illumination because unpredictable and non-11 uniform illumination in the field of view directly affect the 12 captured image quality (Hong Y et al., 2011) . In this paper, 13 halation is defined as the high intensity areas in the image 14 caused by specular reflected light on the surface of plants 15 . To acquire an optimal quality 16 image, halation is one problem that can cause loss of color 17 information. Due to this problem, it is not easy to get correct 18 color information for defect detection and quality 19 classification under natural light condition. 20
Since halation is a kind of polarized light coming from 21 the specular reflection of sunlight. Polarizing filters (PL 22 filter) are effective to reduce halation when they are set both 23 in front of the light source and of the camera and the PL 24 filters forms an angle of 90°. However, this method is not 25 effective in an outdoor environment because the light source 26 position changes over time and varies from place to place. 27 Nishiwaki et al., (2006) . tried to reduce halation on leaves 28 of a coffee plant by using two PL filters and one frame box 29 covered by a polarizing film in the field. The first PL filter 30 is a polarizing film covering a frame box in the field. This 31 first PL filter allows only horizontally oriented polarized 32 sunlight to reach the plant surface. The second PL filter is 33 set in front of a camera and only the vertical component of 34 light passes. The camera was installed inside the box. The 35 images were analyzed by an RGB model and a HSV model 36 and the halation areas were extracted using a Saturation 37 threshold of 128. The halation elimination and the color 38 representation results showed that this method is effective 39 to get images without loss of color information. Although 40 their method is promising, two PL filters and the frame box 41 make it not efficient for a real monitoring system. Watanabe 42 et al., (2010) Stepping motor PL filter, images with different rotational angles were 1 acquired. Previous research (Aibara, 2006) found that 2 halation started to appear on tomato surface after rotating 3 PL filter 7 °, which means the rotational step must be less 4 than 7 °. In this study, images were acquired with 5 ° 5 rotational step intervals from 0 ° to 180 ° (for a total of 36 6 images acquired per cluster) both in the simulation and 7 greenhouse experiments. 8 9 2. Image processing method 10 Thirty six images were captured per each cluster with 11 changing the angle of the PL filter. As the result, the area 12 where the halation is small was different by the angle of the 13 PL filter. Therefore, when the non-halation part in the 14 sequence of 36 is extracted and combined into one picture, 15 then this result should contain the smallest halation area. 16 Figure 6 shows the proposed algorithm to get this high 17 quality resulting image. The approach is to combine the 18 darkest pixels (dark green boxes in Fig. 6 ) from the different 19 images. As shown in Fig.6 , the resultant image was 20 composed of darkest pixels among 36 images. The darkest 21 pixel was selected by the average value of ((R +G +B)/3). The halation areas were not reduced effectively in combined 46 image especially for the strong halation spot. This halation 47 spot was caused by direct sunlight from behind the camera 48 and it cannot be reduced even with the PL filter changing to 49 a different angle. In the combined image of cluster 3, several 50 halation areas were completely eliminated. This confirms 51 that the proposed method is reasonably feasible for halation 52 elimination in practical applications. 53
The result of tomato cluster 1 and 2 shows that halation 54 caused by light from behind the camera could not be 55 eliminated by the proposed method. The reason for this 56 problem is that halation is composed of P-polarized light 57
and S-polarized light. The PL filter was only used to 58 eliminate S-polarized light. P-polarized is eliminated when 59 angle of incidence is around Brewster's angle. When the 60 light comes from behind the camera, the angle of incidence 61 for the tomato is much lower than the Brewster's angle. 62
For example, when acquiring images of cluster 2, the 63 original setup is shown as left image in Fig. 9 (solar azimuth 64 was 33.6° and camera faced to east) the angle of incidence 65 was less than 30° so the halation spot could not be reduced 66 in all images. One solution for this problem is changing the 67 orientation of camera as in the right part of Fig. 9 , where the 68 angle of incidence was around 55°. A possible optimum 69 position is proposed from the calculation: if the angle 70 between the light source incident vector and the camera 71 viewing vector is around 70°, then the angle of incidence is 72 for the tomato is around 55° regardless of the changing solar 73 altitude. When using this halation reduction method, the 74 camera position should be optimized to make the angle of 75 incidence near Brewster's angle. According to experimental 76 results here, halation can be eliminated when the angle of 77 incidence is in the range: [47°, 57°] . For practical use, 78 because the sun moves from east to west everyday, the 79 camera could be set to face east in the morning and to face 80 west in the afternoon to avoid halation generated by light 81 from behind the camera. 
